Grain size distributions of coarse sediments from a shallow depth of an accretionary prism were examined by two-dimensional image analysis using thin sections. The analyzed samples were obtained during Integrated Ocean Drilling Program (IODP) Expedition 311. Statistical parameters such as kurtosis, skewness, and correlation coefficients of exponential and power functions show no relationship with depth and porosity. There is an inverse relationship between the correlation coefficients of exponential and power functions, indicating that some grain size distributions can be classified. The correlations also relate to sediment textures. Samples with rounded and isolated grains have a higher correlation coefficient with the exponential function. Angular grains and a denser packing texture represent a lower correlation coefficient with the exponential function.
Introduction
Diagenetic processes are essentially dewatering processes. Porosity decreases and pore water escapes from the pore space with depth in shallower portions because of mechanical compaction. Deeper, dehydration from mineral phases will occur. Therefore, diagenetic processes are strongly related to the fluid circulation system in many sedimentary basins. Diagenetic processes are also related to changes in physical properties such as porosity, permeability, and so on. Porosity and permeability decrease because of not only mechanical compaction but also chemical precipitation as a cementation process (e.g., Houseknecht, 1987; Bjørkum et al., 1998) . Changes in the physical properties control fluid pressure, which directly affects the effective stress. Therefore, rock strength and frictional strength on a fault can also be related to diagenetic processes.
A subduction zone is the largest fault fluid system on Earth. Diagenetic processes in a subduction zone are important to understanding fluid circulation around the subduction zone (e.g., Bray and Karig, 1985; Cochrane et al., 1994; Saffer et al., 2000; Saito and Goldberg, 2001) , which might be related to the formation of gas hydrate and earthquakes. Diagenetic processes in a subduction zone have not been well documented thus far. These processes should differ from those in an oceanic basin because of tectonically driven stress or the underthrusting of sediments themselves (e.g., Moore and Karig, 1976) .
Diagenetic processes include mainly of mechanical compaction, compactive cataclasis, chemical dehydration, and cementation. Those mechanisms might occur in order from shallow to deep (Hashimoto et al., 2006) . The strength of compactive cataclasis for coarser sediments is well studied in laboratory experiments (e.g., Zhang et al., 1990; Wong et al., 1997) . The studies provide the relationship between effective stress, porosity, and grain size at the onset of compactive cataclasis under both hydrostatic and differential stress conditions. Grain size distribution can be used to examine whether the sediment is formed by cataclasis. For instance, in sandstone blocks from an on-land accretionary complex, grain size distribution represents a fractal distribution, which is fit by a power function within a web structure (Hashimoto et al., 2006) . A web structure is known to be formed by cataclastic deformation (Byrne, 1984) . On the other hand, grain size distribution in a host part of the sandstone does not show a fractal distribution but an exponential relationship (Hashimoto et al., 2006) .
The fractal distribution in grain size may relate to cataclastic deformation in some cases. Because cataclasis acts to reduce grain size and porosity (Zhang et al., 1990; Wong et al., 1997) , we examine parameters related to fractal distribution in grain size as a means of estimating the degree of compactive cataclasis. The sample from the on-land accretionary complex is from a portion deep enough that after the diagenetic processes were completed all of the processes were overprinted. To understand the mechanism in total, samples from shallow to deep need to be examined. In this paper, we provide grain size distributions and variations with depth and porosity for a shallow accretionary prism, the Cascadia margin.
Methods and materials
Grain size analysis was conducted by image analysis of thin sections because the distribution of unlithified sediments from ocean drilling projects can be compared with that of lithified rocks from ancient on-land accretionary complexes. Therefore, the coarser sediments were taken to be analyzed from the core to observe grains using an optical microscope. Fortunately, coarser sediments were relatively abundant in Expedition 311, although the mean grain size is mainly silt size. A total of 23 samples were collected as half-round samples from Sites U1325 to U1329. Samples were carefully moved to plastic half-round liners from archive halves and then covered by shrinkwrap to keep their shape. A subset of 15 samples was analyzed (Table T1 ) because it was difficult to make thin sections from unlithified sediments.
To avoid any disturbance of sample textures, halfround samples were initially impregnated with resin. The center of the sample was cut for thin sectioning (Fig. F1 ). An advantage of this method is that the original texture of unlithified sediments can be observed.
Image analysis was conducted using Image-J software. Maximum and minimum lengths of grains are obtained by the image analysis. Grain size is defined as a root mean of multiplication of maximum and minimum lengths of grains that are obtained from image analysis. The minimum grain size we quantitatively measured is ~1 µm. The number of analyzed grains ranges from 200 to 1000 in each sample.
Four statistical parameters were examined to represent characteristics of grain size distributions. Two of them are kurtosis and skewness. The other two are correlation coefficients of fitting by exponential and power functions. Grains <10 µm were excluded from the correlation because the smaller grains introduce measurement error. The two correlation coefficients are named exponential-R and power-R. Figure F2 shows examples of the fitting of these functions. The examples show one of the highest values of exponential-R and power-R among the analyzed samples in this study.
Results

Analysis of grain size distributions
All results are shown in Table T1 . Mean grain size is 10 µm and ranges from ~5 to ~20 µm. Figure F3 represents the relationships of mean grain size for each sample at each site with depth and porosity. There is no relationship between them.
Kurtosis is ~16 on average and ranges from ~4 to ~44 (Table T1) . Skewness is ~3.2 on average and ranges from ~1.8 to ~5.4 (Table T1) . Figures F4 and F5 show their relationships with depth and porosity. It is difficult to find a trend in the relationships.
Exponential-R is ~0.957 on average and ranges from 0.83 to 0.996. Power-R is ~0.939 on average and ranges from 0.816 to 0.999. Figures F6 and F7 show their relationships with depth and porosity. There are not any relationships between them. However, there is a relationship between exponential-R and power-R (Fig. F8) . Samples with higher exponential-R values have lower power-R values. The opposite is also true.
Those statistical parameters should indicate the characteristics of grain size distribution. They have, how-ever, no relationships with depth and porosity on the whole.
Occurrences of grains in thin sections
Samples can be classified by exponential-R or power-R because they represent the opposite values in each sample. Therefore, samples were classified into three types: high exponential-R, high power-R, and others. After reexamination of the occurrences of grains on the basis of this classification, some different characteristics in the occurrences are found with the classification. Figure F9 shows the occurrences of grains in samples with higher exponential-R values and lower power-R values. Grain size is homogeneous. This homogeneous grain size can make the exponential distribution. The grains are relatively isolated with larger areas of matrix. The grains are relatively rounded. Cracks in the grains are very rare. Figure F10 represents the occurrences of grains in samples with lower exponential-R values and higher power-R values. The grains show variations in their sizes. The shape of grains is relatively angular to subangular. Spaces between grains are smaller than those of the samples with higher exponential-R values, which indicates denser packing. Cracks within the grains are found in some places. Higher power-R values indicate that the grain size distribution is fractal. The distribution is the same as that within the web structure reported by Hashimoto et al. (2006) . Figure F1 . Schematic of the area of thin sections within half-round samples. Shaded area = area for thin sections. Figure F2 . Examples of the fittings by (A) exponential function (Sample 311-U1329C-17H-2, 135-145 cm) and (B) power function (Sample 311-U1326C-3H-6, 75-85 cm). Figure F4 . Relationships of kurtosis to (A) depth and (B) porosity at each site. Figure F5 . Relationships of skewness to (A) depth and (B) porosity at each site. Figure F6 . Relationships of exponential-R to (A) depth and (B) porosity at each site. Figure F7 . Relationships of power-R to (A) depth and (B) porosity at each site. 
B
Site U1325 Site U1326 Site U1327 Site U1328 Site U1329 Figure F8 . Relationship between exponential-R and power-R. 
